# • 



DESCRIPTION 
QUARTZ GLASS CRUCIBLE FOR PULLING UP SILICON SINGLE 
CRYSTAL AND PRODUCTION METHOD THEREFOR 

Technical Field 

The present invention relates to a quartz glass crucible 
effectively used for pulling up a silicon single crystal and a production 
method therefor. 



10 Background Art 

In company with recent demands for a silicon single crystal 
with defects at a low level and a large diameter, high purification of 
quartz glass crucible for pulling up such a silicon single crystal has 
been desired and as raw materials therefor, a high purity synthetic 

15 quartz glass powder obtained by means of a sol-gel method, synthetic 
cristobalite powder or purified natural quartz powder has been 
employed. 

A so-called arc rotation melting method has generally been 
adopted in production of quartz glass crucibles, wherein a raw 

20 materials as described above is supplied into a rotating mold to form a 
powder layer along the inner surface thereof, the powder layer is 
molten by heating with arc that is applied from the inside of the mold, 
and after melting of the powder layer the arc is ceased and the molten 
powder layer is left to be eventually cooled to room temperature while 

25 the mold is continued to be rotated. In production of a quartz glass 



crucible by means of the method, the quartz glass crucible is required 
to be formed with an inner surface layer having as few bubbles as 
possible in order to improve a single crystallization ratio of silicon 
crystal produced in pulling up. 

However, even a quartz glass crucible thus produced has had 
inconvenience that in the course of pulling up a crystal or crystals 
using such a quartz glass crucible under a reduced pressure, the 
crucible is transformed in such a manner that bubbles generate and 
grow in the transparent layer and the inner surface comes to assume 
an irregular topographic feature including recesses and projections, so 
that a single crystallization ratio of the pulled up crystal or crystals 
becomes decreased. 

To cope with such a problem, the present applicant has 
proposed a quartz glass crucible in which fine bubbles in the 
transparent layer are suppressed from expansion when in usage under 
reduced pressure by means of doping hydrogen in the transparent 
layer and a production method therefor (Japanese Patent Laid-open 
Publication No. 5-124889). The proposed production method has 
faults that a hydrogen atmosphere treatment furnace for the hydrogen 
doping becomes large in scale for treating a large size crucible, which 
leads to high cost, and a special safety measure is necessary to be 
taken for explosion of hydrogen gas due to its inflammability. 

Furthermore, the present applicant has proposed a production 
method in which an inner surface of a crucible still in the making is 
cooled in a hydrogen containing atmosphere after application of the arc 
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is ceased and thereby, there are eliminated the faults associated with 
the above-described production method (Japanese Patent Laid-open 
Publication No. 7-330358). This method, however, is not yet an 
established one. since it stands in need of the treatment in a hydrogen 
5 containing atmosphere and also makes an apparatus and a process 
more complex. 

The present inventors, taking the above described 
circumstances into consideration, have conducted studies about 
behavior of fine bubbles residing in the inner surface layer of a quartz 
10 glass crucible after pulling up a silicon crystal using the quartz glass 
crucible. The present inventors have obtained findings that, in a 
silicon single crystal pulling up process, even if no bubbles are 
virtually recognized in a layer 1 mm deep of the inner surface of a 
quartz glass crucible before use in the process, bubbles 0.5 mm or more 
15 in diameter are recognized m the transparent layer when the inner 
surface of the quartz glass crucible is observed after it is used in a 
silicon single crystal pulling up process and in the case, a single 
crystallization ratio is low. This has been estimated because bubbles 
burst, chips of quartz glass generated by the burst of bubbles float on 
20 the surface of a silicon melt and move up to a silicon crystal under 
growth. 

The present inventors have investigated into the following 
methods in order to find a good measure to prevent bubble generation 
and growth in the transparent layer of a quartz glass crucible. 
25 (1) Quartz glass crucibles were produced while changing some of 
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conventional heat melting conditions in the arc rotation melting 
method, silicon single crystals were pulled up using the quartz glass 
crucibles, and the transparent layers of the quartz glass crucibles after 
the pulling up were examined with the findings obtained that bubble 
5 expansion in the transparent layers were decreased as compared with 
cases of quartz glass crucibles produced by means of conventional 
methods. 

(2) Quartz glass crucibles were produced while using quartz powder 
having a low gas content, a low OH group concentration and/or a fine 
10 particle size as raw materials for a transparent layer of the inner 
surface under the same heat melting conditions as conventional 
conditions in the arc rotation melting method, silicon single crystals 
were pulled up using the quartz glass crucibles, and the transparent 
layers of the quartz glass crucibles after the pulling up were examined 
15 with the findings obtained that bubble expansion in the transparent 
layers were decreased as compared with cases of quartz glass crucibles 
produced using conventional quartz powder as raw materials. 

In transparent layers of the inner surfaces of quartz glass 
crucibles produced by means of the above described two methods (1) 
20 and (2), the maximum diameters and total sectional areas of bubbles 
present, and gas contents in the transparent layers of the inner 
surfaces of quartz glass crucibles before use were reduced, and the 
maximum diameters and total sectional areas of bubbles recognized in 
the transparent layers of the quartz glass crucibles after pulling up 
25 silicon single crystal were respectively suppressed to be equal to or less 



than 0.5 mm and equal to or less than 40 %. Accordingly, stability of 
pulling up performance was found to be greatly improved, which leads 
to completion of the present invention. 

It is an object of the present invention to provide a quartz 
5 glass crucible for pulling up a silicon single crystal, with which not 
only can a defectless silicon single crystal be pulled up but a single 
crystallization ratio can greatly be improved, and a production method 
therefor. 

10 Disclosure of Invention 

In order to achieve the object, a first aspect of a quartz glass 
crucible for pulling up a silicon single crystal of the present invention 
resides in that the quarts glass crucible comprises a crucible base body 
constituted of a semi-transparent quartz glass layer and a transparent 
15 quartz glass layer formed on an wall inner surface of the crucible base 
body, and is characterized in that no expanded bubbles equal to or 
more than 0.5 mm in diameter are present m a layer 1 mm in depth 
from an inner surface of the quartz glass crucible after the silicon 
single crystal is pulled up using the quartz glass crucible. It is more 
20 preferred that no expanded bubbles equal to or more than 0.3 mm are 
present in the layer 1 mm in depth. 

A total sectional area of bubbles is preferably equal to or less 
than 40 % and more preferably equal to or less than 20 % in the layer 1 
mm m depth from the inner surface of the quartz glass crucible after 
25 the silicon single crystal is pulled up using the quartz glass crucible. 
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A second aspect of a quartz glass crucible for pulling up a 
silicon single crystal of the present invention resides in that the quartz 
glass crucible comprises a crucible base body constituted of a semi- 
transparent quartz glass layer and a transparent quartz glass layer 
formed on an inner wall surface of the crucible base body, and is 
characterized in that, in the transparent quartz glass layer, the 
maximum of diameters of bubbles is equal to or less than 0.2 mm, a 
total sectional area of bubbles is equal to or less than 20 % and a gas 
content is equal to or less than 1 ul/g. It is more preferred that, in the 
transparent quartz glass layer, the maximum of diameters of bubbles 
is equal to or less than 0.1 mm and a total sectional area of bubbles is 
equal to or less than 10 %. 

A quartz glass crucible for pulling up a silicon single crystal of 
the present invention is produced without hydrogen doping. 

In a case where a diameter of the quartz glass crucible for 
pulling up a silicon single crystal is in the range of 22 to 28 inches, m 
an arc rotation melting method, a base body is prepared in a mold 
using silicon dioxide powder and an inner layer is formed on the inner 
surface of the base body using silicon dioxide powder under conditions 
that the silicon dioxide powder has a gas content equal to or less than 
30 ul/g and preferably equal to or less than 20 ul/g and an OH group 
concentration equal to or less than 300 ppm and preferably equal to or 
less than 60 ppm, a heat melting power is applied in the range of 400 to 
1000 kw. a horizontal distance from an arc center to a falling position 
of the silicon dioxide powder is in the range of 50 to 300 mm. a distance 



from the arc center to an inner surface of piled-up powder on the 
bottom is equal to or less than 800 mm and preferably equal to or less 
than 300 mm, a particle diameter of the silicon dioxide powder is equal 
to or less than 300 ^im and preferably equal to or less than 200 urn, and 
a feed rate of the silicon dioxide powder is equal to or less than 200 
g/mm and preferably equal to or less than 100 g/mm. 

In a case where a diameter of the quartz glass crucible for 
pulling up a silicon single crystal is in the range of 22 to 28 inches, in 
an arc rotation melting method, a base body is prepared in a mold 
using silicon dioxide powder and an inner layer is formed on the inner 
surface of the base body using silicon dioxide powder under conditions 
that the silicon dioxide powder has a gas content equal to or less than 
20 ul/g and preferably equal to or less than 10 ul/g and an OH group 
concentration equal to or less than 300 ppm and preferably equal to or 
less than 60 ppm, a heat melting power is applied in the range of 200 to 
400 kw, a horizontal distance from an arc center to a falling position of 
the silicon dioxide powder is in the range of 50 to 300 mm, a distance 
from the arc center to an inner surface of piled-up powder on the 
bottom is equal to or less than 800 mm and preferably equal to or less 
than 300 mm, a particle diameter of the silicon dioxide powder is equal 
to or less than 300 urn and preferably equal to or less than 200 um. and 
a feed rate of the silicon dioxide powder is equal to or less than 200 
g/mm and preferably equal to or less than 100 g/mm. 

In a case where a diameter of the quartz glass crucible for 
pullmg up a silicon single crystal is in the range of 30 to 48 inches, in 
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an arc rotation melting method, a base body is prepared in a mold 
using silicon dioxide powder and an inner layer is formed on the inner 
surface of the base body using silicon dioxide powder under conditions 
that the silicon dioxide powder has a gas content equal to or less than 
5 30 nl/g and preferably equal to or less than 20 ul/g and an OH group 
concentration equal to or less than 300 ppm and preferably equal to or 
less than 60 ppm. a heat melting power is applied in the range of 600 to 
2000 kw, a horizontal distance from an arc center to a falling position 
of the silicon dioxide powder is in the range of 50 to 300 mm, a distance 
10 from the arc center to an inner surface of piled-up powder on the 
bottom is equal to or less than 1500 mm and preferably equal to or less 
than 500 mm, a particle diameter of the silicon dioxide powder is equal 
to or less than 300 urn and preferably equal to or less than 200 urn, and 
a feed rate of the silicon dioxide powder is equal to or less than 200 
15 g/min and preferably equal to or less than 100 g/min. 

A first aspect of a production method for a quartz glass 
crucible in the range of 22 to 28 inches for pulling up a silicon single 
crystal of the present invention is characterized in that, in an arc 
rotation melting method, a base body is prepared in a mold using 
20 silicon dioxide powder and an inner layer is formed on the inner 
surface of the base body using silicon dioxide powder under conditions 
that the silicon dioxide powder has a gas content equal to or less than 
30 ul/g and preferably equal to or less than 20 ,,1/g and an OH group 
concentration equal to or less than 300 ppm and preferably equal to or 
25 less than 60 ppm, a heat melting power is applied in the range of 400 to 
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1000 kw, a horizontal distance from an arc center to a falling position 
of the silicon dioxide powder is in the range of 50 to 300 mm, a distance 
from the arc center to an inner surface of piled-up powder on the 
bottom is equal to or less than 800 mm and preferably equal to or less 
than 300 mm, a particle diameter of the silicon dioxide powder is equal 
to or less than 300 um and preferably equal to or less than 200 um, and 
a feed rate of the silicon dioxide powder is equal to or less than 200 
g/min and preferably equal to or less than 100 g/min. 

A second aspect of a production method for a quartz glass 
crucible in the range of 22 to 28 inches for pulling up a silicon single 
crystal of the present invention is characterized in that, in an arc 
rotation melting method, a base body is prepared in a mold using 
silicon dioxide powder and an inner layer is formed on the inner 
surface of the base body using silicon dioxide powder under conditions 
that the silicon dioxide powder has a gas content equal to or less than 
20 ul/g and preferably equal to or less than 10 ul/g and an OH group 
concentration equal to or less than 300 ppm and preferably equal to or 
less than 60 ppm, a heat melting power is applied in the range of 200 to 
400 kw, a horizontal distance from an arc center to a falling position of 
the silicon dioxide powder is m the range of 50 to 300 mm. a distance 
from the arc center to an inner surface of piled-up powder on the 
bottom is equal to or less than S00 mm and preferably equal to or less 
than 300 mm, a particle diameter of the silicon dioxide powder is equal 
to or less than 300 um and preferably equal to or less than 200 um. and 
> a feed rate of the silicon dioxide powder is equal to or less than 200 
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g/min and preferably equal to or less than 100 g/min. 

A production method for a quartz glass crucible in the range of 
30 to 48 inches for pulling up a silicon single crystal of the present 
invention is characterized in that, in an arc rotation melting method, a 
base body is prepared in a mold using silicon dioxide powder and an 
inner layer is formed on the inner surface of the base body using silicon 
dioxide powder under conditions that the silicon dioxide powder has a 
gas content equal to or less than 30 ul/g and preferably equal to or less 
than 20 ul/g and an OH group concentration equal to or less than 300 
ppm and preferably equal to or less than 60 ppm, a heat melting power 
is applied m the range of 600 to 2000 kw, a horizontal distance from an 
arc center to a falling position of the silicon dioxide powder is in the 
range of 50 to 300 mm, a distance from the arc center to an inner 
surface of piled-up powder on the bottom is equal to or less than 1500 
mm and preferably equal to or less than 500 mm, a particle diameter of 
the silicon dioxide powder is equal to or less than 300 um and 
preferably equal to or less than 200 um, and a feed rate of the silicon 
dioxide powder is equal to or less than 200 g/min and preferably equal 
to or less than 100 g/min. 

As a lower limit of a gas content of the silicon dioxide powder, 
lul/g can be employed. Further, a lower limit of a particle diameter of 
the silicon dioxide powder is preferably lOum. Still further, a lower 
limit of the feed rate of the silicon dioxide powder is preferably 30 
g/min. 

While as silicon dioxide powder used in the present invention. 
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either of synthetic quartz glass powder and natural quartz glass 
powder can be used, synthetic quartz powder is more preferably be 

used. 

In production of a quartz glass crucible for pulling up a silicon 
Single crystal of the present invention, the powder layers in the mold 
may be prepared under a normal pressure, but can also be prepared in 
the mold by evacuating from the outside surface of the layer (that is, 
the inside of the mold). In the case of preparation under a reduced 
pressure, the pressure is preferably of the order in the range of 10 to 

) 700 mm Hg. 

Further, a content ratio of a gas including carbon such as CO 
and CO. m quartz glass powder that is used, as raw materials, in 
production of a quartz glass crucible for pulling up a Silicon single 
crystal of the present invention i, preferably equal to or less than 

5 10 %. 

Brief Description of the Drawings 

FIG. 1 is a schematic sectional view illustrating an apparatus 
used in carrying out a method of the present invention and a 

.v. a t nv * miaT t7 elass crucible that uses the apparatus. 
90 production method for a quaitz glass 

FIG 2 is a microphotograph showing a sectional structure of 
an inner surface portion of a quart, glass crucible produced in Example 

PIG. 3 is a microphotograph showing a sectional structure o 

Mlinrt7 diss crucible produced in Exampl 
25 an inner surface portion ol a quaitz glass 
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1 after a silicon single crystal is pulled up using the quartz glass 
crucible. 

FIG. 4 is a microphotograph showing a sectional structure of 
an inner surface portion of a quartz glass crucible produced in 
Comparative Example 1. 

FIG. 5 is a microphotograph showing a sectional structure of 
an inner surface portion of a quartz glass crucible produced in 
Comparative Example 1 after a silicon single crystal is pulled up using 
the quartz glass crucible. 

FIG 6 is a longitudinal sectional view showing another 
embodiment of an apparatus used in carrying out a method of the 

present invention. 

FIG. 7 is a cross sectional view illustrating the apparatus of 

FIG. 6. 

part of the 
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FIG. 8 is a partial sectional view showing a mam ; 
apparatus of FIG. 6. 

Best Mode to Carry Out the Invention 

Hereinafter, description will be made of an embodiment of the 
present invention on the basis of accompanying drawings. FIG. 1 is a 
schematic sectional view illustrating an apparatus used in carrying 
out a method of the present invention and a production method for a 
quartz glass crucible that uses the apparatus. 

In FIG. 1. a rotary mold 1 is provided with a rotary shaft 2. In 
the mold 1. a cavity la is formed and a semi-transparent quartz glass 



- 13 - 



10 



made from silicon dioxide powder, for example natural quartz powder, 
that is. a base body 3 of a quartz glass crucible constituting an outer 
laver thereof is provided. 

The base body 3 is prepared by feeding the silicon dioxide 
powder into the mold 1 in rotation while piling up the silicon dioxide 
powder along the inner wall of the mold 1 to form a preform in the 
shape of a desired crucible, and heating the preform from the inside to 
melt the silicon dioxide powder therein, followed by cooling down the 
preform. 

In order to heat the preform from the inner surface, as shown 
ln FIG 1. an arc discharge apparatus 5 with carbon electrodes 51 and 
52 that are connected to a power supply 10 can be employed. Instead of 
the arc discharge apparatus, a plasma discharge apparatus may be 
used. The production of the base body 3 i, detailed in Japanese Patent 

15 Publication No. 4-22861. 

The apparatus shown in FIG. 1 is provided with a quartz 
powder feed vessel accommodating synthetic quartz powder G above 
the mold I tn order to form an inner layer 4. A discharge pipe 93 
equipped with a weighing feeder 92 is connected to the feed vessel 9. 
Agitating blades 91 are provided in the feed vessel 9. The top of the 
mold 1 is covered by a lid 7! with a slit opening 75 left uncovered. In 
order to form the inner layer, either of synthetic quartz powder and 
natural quartz powder may be used, but an example in wh.ch synthetic 
quartz powder 6 is used is shown in the figure. 

After the base body 3 U completed or in the making of the base 
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body 3. heating by discharge between carbon electrodes 5! and 52 gets 
started and is continued thereafter and in such a situation, synthetic 

dl schat,e Pipe 93 white acting the weighing feeder 92 for feeding 
th e synthetic q uartz powder 6 at a degree of opening thereof. With the 
activation of the arc discharge apparatus 5, a high temperature gas 
atmosphere 8 i, generated in the base body 3. Accordingly, the 
synthetic quartz powder is fed into the high temperature gas 
atmosphere 8. 

Herein, the high temperature gas atmosphere means an 
at mosphere generated around carbon electrodes 5f and 52 by arc 
discharge us,ng the electrode, 51 and 52 and a temperature of the 
atmosphere rs as hi g h as a temperature at which quartz glass rs 
sufficiently molten, that is. two thousand and several hundred degrees. 

The synthetic quartz powder fed into the high temperature 
gas atmosphere 8 is at least partly molten by heat of the high 
temperature gas atmosphere 8 and the powder is stmuitaneously 
dispersed toward the inner wall surface of the base body 3 to stick onto 
th e inner wall surface of the base body 3. The powder thus stuck on the 

having virtually no bubbles, that i, an inner ,ayer 4. on the inner 
surf ace of the base body 3 in an integral manner therewith. A 

mentioned Japanese Patent Publication No. 4-22*61. 

Hereinafter, descnpuon will be made of another embodiment 
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based on FIG. 6 to 8 FIG. 6 is a longitudinal sectional view showing 
an embodiment of an apparatus used in carrying out a method of the 
pre sent invention, FIG. 7 is a cross sectional view illustrating the 
apparatus of FIG. 6. and FIG. 8 is a partial sectional view showing a 
main part of the apparatus of FIG. 6. The embedment rs detailed in 
Japanese Patent Laid-open Publication No. 10-25184. 

In the figures, numeral 12 indicates a production apparatus 
for a cuaru glass crucible and U provided with a hollow mold 14 
rotatab le tn a horizontal plane. The hollow mold !4 U d. of 
c ar b on„us material such as graphite. The hollow mold - 

ko Uow mold U i. connected to a pressure reduction,evacuation means 
(P) such as a vacuum pump at the outer periphery thereof and there y, 
the hollow mold » is evacuated to a reduced pressure at the outer 
, periphery. Numeral 16 indicates a heating means for heating the 



means. 



Numeral 18 indicates gas-permeability members and many of 
the members are arranged so as to open at the inner surface of the 
, 0 Wlow mold 14 in uniform distribution across the inner surface. A way 
of effective distribution of the gas penetration members X8 « such that 
ev.cu.tio. ranges in which the respective gas-permeability members 
18 a ct are not overlapped with one another. The gas-permeability 
membel , ,8 may be arranged in a matr. pattern at „s intersections of 
, 5 rows and columns hu, the arrangement in a zigzag patiern 
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The gas-permeability members 

"i amnliite Numeral 

— evacua.on P*«» path 20 1S 

, mass Ha of the hollow mold U. ™ ^ ^ ^ 

connected to a .as-permeabrUty » 
evacuation path 20 

surface of the hollow mold f4. ^ ^ outer side 

(B) indicates a ^ ftame(B) suppo rts th e 

1Q su , ace o£ t he --w ,o • arianged m mner 
hollow mold 14 through a paciu g 

r „f tVip support frame(B). 

bott om surface of the ^ ^ descnbed 

When a quartz crucible is prod 

The quartz powder is P rf ^ ^ mold 14 in 

8 ^ formed by plling -u P 

matron and thereby, a, uartz powder a.er(A 

T ^"~^ » - as an arc 
the inner side surface . g _ „ 

— In C ° mP r e mpl e the outer bottom surface 

conducted at the outer surface for e- P preSS »re 

v, fibres of the hollow mold w . 
m ' m , urh as a vacuum pump in order to 

25 reductron/evacuation means(P) such 



20 

th 
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permeability members 18 and evacuation paths 20. 

m0 Hen up to positions in the vicinity of the outer surface from the 
Tier si/e surface to obtain a g reen crucible almost in the shape of a 
crucible with a sintered outer surface. 

In the embodiment shown in FIG.. 6 to 8. while there ,s shown 
the case where many of the g as-permeabilrt y members ,8 are arrange 
s d sclrlce members independently positioned, rectangular membei, 

l members, triangular members and others can be used an 
Zhermore, many of annular or nn,H k e members that turn along 

• u,. v of the hollow member 14 can be arranged, 
inner periphery of descriptions 
Hereinafter, examples aie taken up 

i u„t H ts needless to say that the 

descriptions thereof. 

(Example 1) diameter was produced in 

A quartz glass crucible 22 inches in diametei w 
„ ce with the below described procedure using the apparatus 

ai de diameter was fed into a mold (of a rotary type, .0 mm 
" m ' , tin2 at 100 rpm. and piled up on the inner 

- — » 

„ »™'™" " * 
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the mold b y means o f arc discharge but at the same time, syn - 
powder. which had a particle diameter in the range of o to 3 0 
um . a „ OH group concentration of 100 ppm; and a gas content of 30 ul, g , 
which had been quantified by means of a temperature programmed gas 
an alysis from 0 up to 1000 degrees, was continuously fed from above at 
a feed rate of 100 g/mtn at a position spaced from the center of arc by a 
honZ ontal distance of 100 mm, under other conditions that the arc was 

was formed by melting; the arc was moved sideways in a hor.onta 
pla ne from the central position of the mold; and an amount of arc heat 
was provided through the process at an electric power of 500 k w under 

reS ult that a transparent glass layer was formed across the entire 

inner surface to a thickness of 1 to 3 mm. 

After completion of the quart, glass crucible, a gas content in 
the transparent layer 1 mm in depth from the inner surface was 
m easured by means of the temperature programmed gas analysis 

m easured to be equal to or less than fal,, Further, the maximum 
, Dubb le diameter of a inner surface layer 1 mm in depth of the quart, 
glass crucible was equal to or less than 0. mm and a total bubble 
sectlonal aI ea was measured to be equal to or less than !0 » !n «• 
there is shown a nncrophotograph of a sectional structure of a p.ece 
mm in thickness sampled from a round portion of the quaru glass 
!fS crucible produced in the example. 
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Another quart* glass crucible produced in the example was 
use d to melt p.lysilicon charged therein and a silicon single crystal 

free across its full length. The transparent layer o£ the inner surface o 
the quartz glass crucible after use was observed and no bubbles equal 
t „ or more than 0.5 mm in diameter were found in a layer 1 mm in 
de pth from the inner surface and a total bubble sectional area was 
equa , to or less than 40 * in the .aye, A piece 1 mm in thickness was 

a microscopic photograph of a sectional structure thereof was taken, 
which is shown in FIG. 3. 
(Example 2) 

A quartz glass crucible 22 inches in diameter was produced >n 
accordance with the below described procedure using the apparatus 
shown in FIG. 1. Natural quartz glass powder in the range of 50 to oOO 
um in particle diameter was fed into a mold (of a rotary type, 560 mm 
in mner diameter, rotating at 100 rpm. and piled up onto the inner 
surface to a thickness of 30 mm in a uniform manner and then not only 

tn . mold by means of arc discharge but at the same time, synthetic 
quartz glass powder, which had a particle diameter in the range of oO 
t0 300 om: an OH group concentration of 5 ppn, and a gas content of a 
ul/ . including CO, CO, and GH, of a total 2 , by volume, which had 
, been quantified by means of a temperature programmed gas analvs,. 



Horizontal distance of 100 m „ M rf, c e of the bottom which 

plan e from the central positron of > ^ ^ ^ ^ 

was provided through the process at an P ^ 

4- 1t00 A and a voltage ui 
condl tions o f a DC curren o o ^ _ the entI re 

re sult that a transparent glass lay 
10 inner surface to a thickness of 1 to 3 mn. ^ Mtent in 

the transparent la, gas analysls in 

me a,ured by means of the P ^ ^ ^ _ 

15 m easured to he equal to le^ ^ i ^ ^ ^ rf ^ ^ 

CH ' ° f 3 ' ■ ■ thlckn ess sampled from a round portion of 

t he quartz glass u 

to that of FIG. 2. ^ ui thfi esample was 

— ^ ' 0l f C ° n .?;; 00hrunderade,eeof^,uniof 2 0 

25 W as pulled up in the pa-age ot 
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full length The transparent layer of the inne 

T acro ;;:: . l a fter ^ was „ taw .a and M — ... 

to or more than u.o , 

f nd a total bubble sectional area was equal to or 
inner surface and a total 

tha n 40 % A piece 1 mm in thickness was sampled horn 

•Wpafteruseandamicrophotographof 



3. 

10 (Example 3) 



A uarU glass crucible 30 inches in diameter was produced 
, the below described procedure using tbe apparatus 

accordance with the belo range ^ ^ ^ ^ 

shown in FIG. 1. Natural quartz glass pow ^ 

♦ • le diameter was ted into a mold (of a iOtai> type, 
, m m particle ^ pUed up onto the inner 

13 - innei dia r r r : <: i * . — »* - ° niy 

was the piled up ^ synthetic 

» :i:::.-H.~»-"--"'""-';"""';:r::r:::: 

' n f« mnn degrees, was continuously 

,, ,, a feed rate of 100 g/min at a position spaced 
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sldewa ys u a borstal Pi... ft- *. central position of the -old: 
and a „ ».» t of arc heat was provided through the P^s - 
el ect„c power of 750 k w under condition, of a DC current of 30 0 
and a volta g e of 250 V, with the result that a transparent glass layer 
was formed across the entire inner surface to a thtcUness of f to 3 mm. 

« ter completion of the q uart Z glass crucible, a gas content in 
the transparent la y er 1 mm in depth from the inner surface was 
m easured by means of the temperature programmed gas analysis in 

me as U red to be eo.ua! to or less than luUg. Further, the maximum 
lubb, diameter of a inner surface layer t mm in depth of thenar, 

actional area was measured to be eo.ua, to or less than XO „. A 

portion of the ,u.rU glass crucble produced in the example was 

similar to that of FIG. 2. 

Another c,artz glass crucible produced in the example was 
used to melt polysiUcon charged therein a nd a silicon single crysta 
wa s pulled up in the passage of 100 hr under a degree of vacuum o f 0 
m mb and the silicon single crystal was pulled up with crystal^ 
free acr0 ss its full length. The transparent layer of the inner surface of 

found in a layer 1 mm in depth from the 
,o or more than 0.5 mm were found ma lave 
, in „ei. surface and a total bubble secUonal area was eo.ua. to or le,s 
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thickness was sampled from a round 

00l ,m. andpUeduP on tne i»»« 
10 in inner diameter, rotatin^ ^ ^ ^ ^ Mt only 

sul ,ace to a thickness of 30 mm i ^ ^ ^ rf 

.as the pUed up ,««« -^J"^ J ^ ^ same tl me, synthetic 

15 „„; an OH gI ouP concentration o 0 PP ^ 
a o£ a total Zo <o u,y 
incl udin g CO, CO, an H ^ d analysis , om 0 

q »antified by means of temp ^ a ^ rate o£ 

100 „»i. at a p.. lB . - that the ,„ was held at a 

20 distance of 100 mm. undent of the b .«om which wa, 

flomth ecen, r a 1P o S1 Uonoftne m ^ ^ ^ 

— heP1 °;:; i o.anda^eof.OOV.withthe 

- n f -l DC current ot i^ uu 
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t dass lave, was formed across the entire 
resu lt that a transparent glass lay 

innc r surface to a thickness of i to 3 rn n, ^ ^ ^ 

the transparent lay gas analysls m 

5 measured by means of the t u . the gas content was 

i tr> nr less than oui/&- 
measured to he eo.ua! to ^ t ^ ^ ^ ^ rf the ^ 

bubble diameter of a inner sur total bub ble sectional 

gl ass crucible was e,ual to or less than 0.3 ^ ^ ^ ^ ^ 

CH 0 f a total 2o /« p of a piece 1 mm in thickness 

wa5 pu lled up m the passage _ ^ ^ ^ ^ rf 

mmb and the silicon sm g le c ^ ^ ^ ^ ^ ^ 

2Q glas3 cl . UC ible after use was h ^ ^ ^ ^ 

bubb les having burst a^ ^ _ _ g0 % A 

during the pulling up and of the 

— -r::;::.*i"-« - — ' 

25 quartz ""' Me 



5tructure was taken, which is shown u, FIG. ^ ^ ^ 

Asl s clear front the results of Exampl . 

sanded bubbles equal to 01 mo 

pul led up using *. «■ ^ crystal defect ftee . Howeve, as 

. pulled up along Us Ml ^ bubbles equal t0 0I 

0 from the inner surface f Uing „p. 

ciystal went into a disorder tn the coni e V ^ ^ ^ 

Fu rthe,inthe ^ ^ ^ ayer , mm in d epth f ,oni the 

15 a silicon single crystal was able t. ^ ^ ^ a ^ 

wlt h crystal-delect free »^ ^ ^ from the inner surface 

bub ble sectional area tn a , ^ % ^ % ^ ^ 

Example 1). a silicon single crysta 
20 pulling up. pimples 1 to 3. the following facts 

ivt7 gla^s crucible , t ^ ail 

3 " „ bu bble diameter was equal to or 

thiin 1 uUg. the ^ , ,„ or le ss than 20 %. 
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» than 0 5 mm were present in a 
n „ expanded huhbles » or »«. ■ ^ 

layer 1 mm in depth *» mner « glass 

6 e.u.l to ox less than 40 .in ^ „ ot 

Comparative Example 1. when ^ ^ t0 

met as shewn, „ Compare Exampl , . ^ ^ ^ 
o, less than 3,1, and the ma— 

! mm in depth. u glass crucl ble 22 

As sh „ W n --^^ " efollowing conditions usin, an 

» — ^ isp, r^ — - — - 

arc rotation melting method, P synAetlc 
hav e a performance according % J Mt , 30v , g in 
, u ,t Z powdei.hasa ga se„ntente q u ooiiessthan30o 

20 PP m (100 PPm in Examp . holiM »t»l distance from 

400 k „ to 10 00 k * (500 k w tn Example ^ ^ 

to thefa :r;: » — 

powder is in the range of oO t ^ ^ a 

^^"'"'"ir^Z.roriessthanSOOmm.OOmm.n 

thp base body 1* ^^l ua 
9 - bottom ot tne u<*~ 
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f .vnthetic quartz glass powder is 
M le 0. a Pa-, diameter * ^ « ^ . £eei 

equalt o Orl e S s th an 3 00 !im(5 0, mt o 300 riessthan2oQ 

g;min aoo^ nl n E ^ a ^ giass cruable 22 

arc station melting method. P syntheUC 
have a perf.rm.nce according to h P ^ ^ ^ ^ ^ ^ 

p pm (5 P P m in Example 2) , a h ^ ^ ^ „ c 

kw to ,00 k , (300 k w in - * - • gUss powdM U in 

center to the falling pos^on of V from [he 

15 arc center to an inner su fac ^ ^ _ ^ Example 2 , a 

b ase body is equal to or less ^ ^ M „ 

pa ,icle diameter o f the synthetic ,.„«, ^ ^ ^ rf ^ 

less than 300 am (50 urn to 300 urn ^ ^ ^ (l(J0 

„ „tass powder is equal to oi 
synthetic quartz glass P 

20 g/mi „ in Example «• , when , quart* glass crucible 30 

ASS " Wn '"Tilde -lollowin, conditions usin, an 
^inaiameuHsP^^ quartI „„. c.ciUe can 

arc rotation melting method invention: synthetic 

Have a performance according ^ ^ ^ ^ m 

„ quart, Powder has a gas content equal too, - 



ppm UOO PP» in Example .), ^ homooul distance from 

600 k w to 2000 (750 *w - « quart . g lass 

5 powder is in *. ran g e of > „ f pUed . up P „wder on a 

bott o» of b~ body i. ^ ^ glass pow der i. 

Ex am P le ». a pa-le . ^ ^ ^ , 

^^^^^■^^^ 

g(ml n (100 in V ^ ^ ^ exampl m 

Wh Ue in Examples ^ ^ ^ ^ quaItt gla ss 

whl cn the apparatus sliown ,n • ^ rf a qua ,, 
cruobles under a normal press. - ^ ^ ^ pressure 

« Uecan als " ^ m .. , tt 8. -penments 

edit*. .-». *• .* w _ of Samples X to 3 

wer e conducted in conditions simi ^ ^ ^ ^ ^ 

of 500 mm Hg ana * 
20 t o be obtained. ^ m Examp les 1 to 3. the 

— " Wa5CO t Is powder tnat forms tbe inner layer, 
samples in *Hicb. as q .«U ' ^ sbow „, even wben 

synt bctiC q ««U powde. . . ^ ^ ^ glass 

95 powder, a result .1 
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To T f i P z — n — ■ — ^ that a 

*" S * t,y : lei*- »*» to he gI eaa y 
full length, thus enabhng a smgle 

imP1 ' 0Ved F u, t he r to a product »e t hod for a ^ ^ss 

, n We crystal of the present invention, 

an effect can he exe, * * - _ ^ ^ ptoduced 

excellent performance of the pies 
with no complex process. 



